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ae 8) 
The gamna rays from the 1399-kev oi ee ae ee 


were analyzed by the %CLiac 128 Channel Analyzer, and the 


pollowing excited states in a were determined (in Mev): 
Crees. 6.!199 
Zee oe One! 
2 TO 6.5'8 
2230) 6.995 
OTs (ee ee 
3.868 C228 
I .230 7.255 
6.15 (aoe 
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This investitition was conducted to aete=mings Wa 2ne~ =y 


= e _ ‘) ry « @ 2 a ™ a e Fee 
rer es in PP? Oe eee (nyy)yr 3 Oe Sh a ene rgl 


S29 der Gas was Vo fos Prom 4.35 to 2.99 Nav, corresrpondin to 
2 ne j : F hee) 
6.38): to 7./195 Mev excitation in F?°. 


Maturally-occurring silicon is compos3sa of Saree asco- 


topes as follows; 


Isotope Percentages at. 
3428 SAP 
$1°7 ne 79 
eee ores 


when natural silicon is bombarded with protons, three 


simple capture reactions can occur: 
51°" (p,Y) ae 
$i°7(p,y) P?° 
317 (py) pot 


MS 


Q 
Of the three phosphorus nuclides formed, Be and oe are 


e e * + e e s e 
radioactive, decaying by B” emission with half Lives of |1.6 


r 
bs | e e e ae e 
seconis and 2.5 minutes POSpOCu ser yeni 1 1 e p PS. is Gaile 


‘oe 9 , 
In order to enhance observation of S17 (nee reso- 


memees, Silicon enriched in si 


Isotope Tercentage (Wt) 


3428 28.116 
Sie 79,83 
Se 0.71 


[Hin Garscts “or natural silicon and ‘emigre 727 corm 


were bombarded with protons, and differential sKcitation 


ik 


YS: e 
“ was obtained for bombardment: 








Eonparison cnreves Here trawn in ~orier tp 


° i= 16 oo ? 7) ©) * lan A ® ~ 
A ie atelviggm a: lp, Y)PP resonances. Refer to FPieurss |; and 5. 
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Epeeganial rays from thew jo: (e.x)E?” r2sosance 
wers analyzad by the 2CLiace 128 Channel Analyzer, and seven 
excited states in T?9 were determined usins these ~amma 
energies. Nine adjitional excited states were determined 
from the observed 34°? (p,y¥) Po? resonances listedmir. (ake ag. 
2. Resonance and Decay Phenomena 

since 1939 various types of particle accelaraitors have 
meen developed whieh have made iG possible to stwayethe ex=— 
eited states of lisnht nuclei. then a nucleus is bombarded 
by a light particle (in this case, a proton), the particle 
Poe merelyescavvera. bymnne muclodr suriacs or veoulors 
meciemor 4 Compound Mmuehleus may be formed which cam wecay sin 
meaeoer of differant ways. If decay of the compoumPrucileus 
imoy gamma emission, the excitation function for the (p,¥) 
meactilon can be obtained Dy measurement of the ctamma ray 
mmoensity as thelmincomimag particle energy is varied. The 
Sigcervation of resonances indicates that discrese esxeited 
meres Of the compound nucleus are formed, and it is for this 
meason that the accurate determination of exeitation curves 
mememportant. An extended Snalysismor the resonance phenomena 
has been given by Fowler, Lauritsen and Lauritsen. | 

Bxamimagion oO. slable PF indicates that ween silicon ts 


bombarded with protons of less than 2.99 Mev enersy (the 


maximum bombarding energy investizated) samma ray emission 


ae A. Powler, et. al., Rev. Mod. Phys., 20, 236 (1918) 
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and reemission of the proton are the only decay modes sner- 
aetically possible atter proton capture, 

In-“order to form 3 Compoungeniclsus., §eeeee > on. ict 
penetrate the coulom> barrier. vlasvically the coulomb 
; 29 
barrier of a Si-~ nucleus to an enterine proton is |1.52 Mev; 
However, accOrdine Vorduantum tnesory analysis, Usemercan ve 
Bonmmaliom Of a2 Compound nucleus even if Ge incigemwe rouon 
enerey is less than !1.52 Mev and there are particular values 
weeuiiSs enercy forowaichry tie provability of L[Ormaegme. ol Sy 12 
femapound nucleus aserelatively large. Many of tassemilarcce 


e 


Mmocs1on probablidities were obServed in t176 protonmeener., 
menses of 0.35 to 2.90 Mev, i1.6., the nine $i-’(p,¥)Po > 
Meconances listed in Table ii. 

Gamma rays may arise after inelastic seavterinevas wei 
wmemarber Capture, the lowest energy level of the silicon 
twenty-nine isotope* is 1.28 Mev. <A proton of enevrey greater 
than 1.32 Mev in the laboratory system of coordinates which 
strikes a eee nucleus cone rscaltersd inelastica i, out 
Since the probability of this phenomenon is low for the 
energies employed, it is assumed to add insignificantly to 
maeeeooserved resonances. since no proton enerpies ereater 
Mean 2c. 0 Mey were usé* in this investication, it is there- 
fore assumed that in every event the excited phosprorus 


me leus decays by emiSsion of quanta or by reéeemission of 4 


OropOn. 


ep, Ve onaG yaar. CS buon. Rov. WO.) Fais.., 20, 05 (195))) 


3 











3. revious Tnvestim.itions 
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Poltsmars and Tangen- in LOL with proton enervies *stwea: 


cb 


3 conducted more debaileda in- 


399 and 559 kev. Later Tancen 
VeStiosatGlons in Gis Jeagie Crier sy rance es vapor t. -. ol 
Saaep resonances “Wich. me-aliridutec GO. .Spec1! fee toon 


Lsotoves as follows: 





Troton dnersy (ev) Tsotors 
B26 Sie 
387 oer 
dy pe” 
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WAS .aSxktereported investiestions Were madeu 7 eae 


03 
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im 1955. His work with natural silicon varifieid the Ly and 
509 kev resonances reported by Tangen and in addition indi- 
eated resonances at 622, 675, 698, 793, 732, 769, 778, O11 
and 9839 kev. 

In 1956, Milani, Coopsr and Yarris at dhio State 
University©»” iInvestigaced the ie eee POACeTen Usime 


silicon enriched to 89.8 percent ee They reported 


resonances at 326, tll, 698, 731, 918 and 957 kev. 


2m, Hole, et. al., % #. Fhysik. 1218, 8 (1941) 


Ne, Tangen, Kal. Norske Vid. Selsk. Skr. NR1 (19116) 


<< 


5M. R. Seiler, M. S. Thesis, Ohio State University 1955 % 
Fhys. Rev. 99, 34.0 (1955) 


Os, N. Cooper, Annual keport by the Ohio State University 
Research “oundation, March 16, 1955 - March 15, 1955. 2& 
rrojact WhO, Report No. 
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fs. Milani, et. al., Poyl. Rev. 99, 645 (1955) 
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if rout Ge sane time, BS.) . “ee yt tO Wet 1. =) Baro "Sy 
Pevortied resonances -OUCainer from Malura ls tiicon Gareo lcm. s 
the proton energy interval from 57) to 269) “sv. They re- 
sorted new resonances at O12 7599 717, 75357759, ole 
OO. 989, 1529, 1618) 1635, 167, 1663, 1509, 1600 a. 
V1, TGNO, 1870; 2529, 253.4 2553, 255725, 2570 Sates 72a. 


OU Vee os = 
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iitey 1ndveated Chat Waentiiication of Gas reac, 


meedine Co the resonances were made below 19099 “eve iacy 


Za” 


ee ; ; 
found no resonances from the 3i  (p,¥W)F ° reaction among 


Mieso 1cenvified:  <Ldsntitication was accompl is isauew toe 


[eee Ol DOSitron aeeécivity from Chin naturally silicemerar srs 


~ er - ™ ” Q 
In 1957, Seagondollar, Woods, De Sousa and 3lass7 


moaraed hyper=pure natural silicon, at the Universita ot 
Kansas, with protons of energies between 399 and 1199 xav. 
They reported resonances at 326, 369, ih, 501, 622, 697, 776, 


836, 943, 957, 979, 1292, 1205, 1291, 1327 and 139) «ev. 
BO 


Svuring the period 1957-1958, P~” energy level determin- 


ations were published (all enervies in Wev) by C. Van 


Leun'?, oe anattt, ana ™, X. Green lt“, 3399 the following 


page for tabulated values. 


See. ISytko and Iu. FP. Antuf'ev, J. ixptl. Theoret. Pnys. 
Mies. 2.) 39, L171 (dune, 1956) 

meee, 2oarordollar, et. al., Brildetin Am. Pays. soc. ser 
imoeeyol. 2, No. G, 3394 (1957) 

t°¢. Van Der Leun, Investigation of Light Nuclei with (p,y) 
meszctions, (1950) 


lle ow. andt and G. H. Paris, Phys. Rev., 119, 89 (1958) 


len | Ke Green and Reo fF. fiseman, Mea S= Thesis, Us oe taven 
Postgraduate School, (1958) 











PF?" anerey L3vel determinations pvblished durife 1057-1058 
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1.97 1.972 ee ou 5.425 
ee 2.538 625 5.219 
eee PT 2s wa 6.183 
27 oll 2 O89 929 Seis 
2.94 ane oT Bl: » 396 


Cea he 
Gre Tel 








re) Je 1 prrsnt 


,POtons saga Sa ahis Myvesttetion were pro“~uced in the 


; i ¢ r sp a Hee aft ak gh aus oe *e 6 ow 4h 4 i ce erg a ras ‘ ‘ orl 1; re ; 
cerev Yarn de Fearr electrostatic accelerator at trictit. =. 
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tot 
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manufactured by FPigh Jolt3yeo Sneinesrice Dorporation. tha 
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Proton Source: is siti lero the radio. fre cuenc sarong soures 
Sesepived by Cat. roa, The accelerated protons were 
passed through a 25-derree masnetic analyzer to separate ions 
Of unwanted mass. ihe current through the coile mart the mage 
feat Was measured by & Leeds and Northrup potentiemeter, Ine 
snergy width of the proton beam was defined by passins the 
beam through a slit 0.8 millimeters wide at a distance of 

e.l meters from the center of the magnet. 

Utilizinge olans of Professior 4-424. Mile 1, sibesturge. 
tarpet chamber was constructed so that any of four mounts: 
targets could be positioned for bombardment without destroy- 
pac the vacuum and; at the same times, could bé@ positiore: 
mist od 9 wel l-<tyope Scirtiilteation crystal. In crac 6 
accomplish this, four 1)-centimeter glass tubes (1.3 cm. 0.7.) 
with targets glyptal-mounted on the outer extremity wers 
Picted to a sp@clally adapted circular brass flanges by neans 
of an "0" ping-typs seal, spacer and threaded lockirs nut. 
This flange was fitted to the beam tube flange utilizing a 
euide stud and an "O" ring-type high vacuum seal. Target 
selection was accomplished by rotation of the targst flange 


(3ee igure 10). 


Le | .€ 
C. WU, Moak, H. Heese, Jr, and @. M. Good, Nuclaonvess | 
Noe oy 0 (i951) 








\n auxiliary vacuum system was installed between the 
slits and the tarrets. Valves were arranged so as to mae 
it possible to isolate the tarvéet chamher when 3 chance of 
tarcets Was. necessary. Tretlarre, cua or as ar oi ly 
evacuated velore reopening tO t1e auxiliary Ss yStcr ee om One 
ization sauce tube in the auxiliary system measured the 
vacuum in the tarset area. 

A wire lead-orf along the outside of the slass tarret 
tube connected the target elactrically to a current intescrat- 
Paecircuit. A SierL section of the beam tube nexteboe elascs 
Beraot tube was connected through a ten mese-chm resistor to 
tae negative terminal of a 300 volt battery. The positivs 
terminal of the battery was grounded. This arranzgement 
prevented the escape of any electrons from the target. 

A relay of the integrating circuit was connected to the 
count switch of a decimal scaler and to a timer. “Similarly 
eoumectod was s solenoid-operated beam shutter which cut the 
weewon beam off and on. tnis made it possidls to commence 
ermouop target bombardment, current interration, timins and 
Sevmmting - all simultaneously. Uss of the beam shucter auto- 
Weerecally interrvpted the beam which prevented overheating 
ani unwanted bombardment of the tarset without shutting off 
the Van de Graaff. Also, a simple on-off switch between the 
Sauctcer coil and the intesrator permitted bombarament of the 
target at any time while the integrator was not running. 
Uns simplified focusing ol taePoreion Deamer™ Overheating ef 


the target was prevented during long hombardment psriods by 


8 








Virectine a stream of nrecooted air on the tare3t. 

[Me panna Prey yield fron une. Cares t Wase meas daw a 
two-inch diameter, waell-tyre, thallium-activated sodium 
lojiide crystal mounted on a Pumont 6292 photomultiplier tube. 
The signals were amplified an? counted by th3 scaler rre- 
viously mentioned (See *irures 9 and 19). 

The various snerecies of the gamma rays from a resonance 
were measured by a four-inch diameter well-type, thallium- 
activated sodium iodide crystal mounted on a Dumont $35)1 
photomultiplier tube. The sisnals were amplified and analyzed 
by the 128 channel scaler-analyzer (RCLiac 128 Model 29697). 
This scaler-analyzer is a pulse height analyzer together 
with a scaler which is suitable for preset-time and preset- 
Seulluecross counting. As an analyzer, 12/ chanrels are used 
for data accumulation and the remainine channel is used as a 
preset time control. As a scaler, 125 of its channels may 
bemused for count data storagé for a preset-time mode of 


operation. A photopraph of the 128 channel analyzer is 


shown as “icure ll. 
Pmt arset Production 

aliminum, Lithium-flueride and all silicon targets were 
made by vacuum plating the target material onto discs stamped 
from five-mil tantalum sheeting. tantalum "boats" were 
eto1cyea for aluminum and Lithium-fluoride svaporations, and 
tunesten "boats" were employed for all silicon evaporations. 


“Natural silicon targets were made from hyper-pure silicon 


go 
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(00 a pure natural silicon) consistin= of the followin 


TSOG00e-Percentagss: 


a 


Tsotope Fercantage (it) 
Bee 
aut Ce Te 
o29 
i EN ee, 
eee 1. 
Sot ba Uo 


~ s @ ° e oN ELS. 
sllicon enriched in oi taresets were mace Viens] scirc— 


macneticaslly separated isotopes consisting of: 


Isotope rercentage (jt) 
we 2Ez6 
51°” fee yes 
347° O57: 
weg 


Soe tcon enriched in Si was obtained from Oak Ridge National 
Baboratories in the form of 5105. 

axperimentally, it was determined that tha minimum thick- 
ieee Of Silicon targets was obtainsd when one=-"ali mill igran 
of 5i05 was completely evaporated during the plating process 
with the tantalum discs 15 centimeters away. The pressure 
during evaporation was maintained at less than 5 x 197 
MmiLiimeters of mercury. Usine a rough solid aneclé and arsa 
comparison, it was determined that approximately 0.005 
milligrams of 3105 was deposited on each target. 
6, ixperimental Procedure 

Prior LO igivestisating Silvcommcrne van de Graatt was 


calibrated using lithium fluoride and aluminum targets. The 


Lh 


3 
following aluminum resonances” ~ and fluorine resonances 


Ilo, C1 bs. 


Un, Ajzenberg and T. Lauritsen, Rev. Mod. Phys.,27, 153(1955) 
bu, 








were used to determine calibration curve (e2 “icure 1): 


41°" (sp Mev) al? (ap Mev) 
OS7 7). “nfo Oia: 1.290 
eee lene 507 soa e ce 
OS See oe aye 10) Ie pe 
O50 325 20 9.9353 

0.991 1.355 eee 

1.018 Melee 72 eS 

OS 35 wel e176 


The RCLiac 128 channel analyzer was calibrated (gamma 
ray energy vs. channel number) for both a four-inch and a 
two-inch crystal (See Figures 2 and 3). This calibration was 
accomplished by utilizing previously determined camma ray 


@ecay eneresies of the following nucl¥des:; 


Nuclide Gamma Ray Energy (Mev) 
wa24 1.38 
con 1.17. and 1.33 
yO O4511 and if. O2 
70? 9.511 and eae 
pisl O30) rand ono fi 
gee et 0.661 
Ayl 98 0.411 
eo 


Pavuralasiitcom ana silteon Sniriched in 1 targets 
were bombarded with protons of energy 9.85 to 2.90 Mev in 
magnet current steps of 0.9005 amperes corresponding to 
energy steps of 0.8 kev. At each magnet current setting, the 
number of counts, the magnet current and the time of observa- 


tion (in cycles) were recorded. After each ten readings, 


isle 








baclesround count was recorisd and subtracted From ths number 
of counts (in the correct amount, derendiaz on the time of 
observation). ourh plots of ctamna ray yield vs. proton 
energy were made to determine reson nce peaks. i\ititional 
runs confirmed resonance peas 3s shown on Figures |. and 5. 
These resonance peaks are tabulate" in Tables IT and Iii. 
WeSilicon tareethenricued to 79.03 percent 31°” was 
bombarded with 1399 kev protons. To ensure remaining on the 
1399 kev resonance peak and to offset small macnet current 
Ffuctuations, the reading on a linear rate meter Bas main- 
tained at maximum value by small adjustments in magnet 
current. The gamma rays emitted by excited p22 nuclides 
Beee cdstected by the four=ineh Scintillation crystal, a 
photomultiplier and preamplifier, and analyzed by the 128 
Channel Analyzer. To offset background radiation a run of 
the same time duration, proton beam energy and environment 
was made on a blank tantalum target and the results were subd- 
tracted in the 128 Channel Analyzer. Gamma ray energies 
obtained from the 13909 kev rssonance are tabulated in Table V. 
Observation of the 913, S69, 1309, 1339, 148, 152/,, 
1710, 1752 and 1857 “av resonancas in the 3i*7(p,¥)P°” 
reaction determined the 6.155, 6.4990, 6.827, 6.848, 6.995, 
7.935, 72215, 76255 and 7.357 Mev excited states in P?”. 
Neither coincidence measurements nor relative intensity 
measurements on gamna rays were made in this investigation. 
Thess measurements would have greatly aided in making spin 
and parity assignments to the p> nuclear states, resulting 
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in 38 Were accyurasa Stilizasbion ov the 271"3 Pay *)eeeiss 
observed, 


fa) 
He 


1G was Ss8s3mend trnat the Pro hss Vit ibs of 27280. bron 
Ga ? eal ie ee az “Hh higrk 37) 3 yee se eel es AS 2a Popre yeas 
ions amones the hich enarry excited states deterri: 37 on 


iA Al 
(oi 


precedine page (&.415 to 7.357 Mev) vere zero, «ith this 
assumption in mini, and considerin-~ the many investirations 
made with the consistent observation of the 9.58, 2.559, 
2.720, 2.0149, and 3.868 Mev gamma rays, it was assumed that 
these gammas were the transitions from excited states in 

p?? fo themieround state. ecy introducing excited stateesof 
12230 and 2.97) Mev, all the zamma rays listed in Table V 
were fitted between the excited states in p?? with statisti- 
@eecienificance. In this) manner the 9.65, 2.559, 2.720% 
Mong, 2.971, 3.8638, and 4.239 excited states in p?? were 
determined. These determinations are in excellent agreensnt 


qe 


Teapot snorcy Levels published by C, Van Ver leimasacd 


a 


. We. arndt (previously mentioned). 
fee Resolution of “quipment 


Pet laiZingueeratio of tne shanes in snerey Go sncrag 


o 


with a slit width of 7.8x107? meters at a distance of 2.1 
feweers from tié* cent®Sr of the marnet, the enersy résolution 
of the Yan de Graaff was computed to be better than 9.2% at 
one Mev. This corresponds to a two-x*ev enersy width at one 
Mev. Repeated determinations of resonance peaks durings this 
gnvestiscation indicated Lhat the resolution is at least this 
good. 

Specifications for the 8CT.lac 128 scaler-analyzer state 
that the integral linearity is better than 14 from Channel 5 


i 








to 123 with less than one channel drift per each 29°F rise 
in temperaturs. Durine calibration and repeated axpsrinental 
runs, integral linesrity Wwas-oOosSevve> ton  .6 aise o00. Ine 
channel drift never exceeded one channel] over the entire 
range of temperature rise. 
8, Results 

DS rener ey lonwevess in p39 obtained as a res Uno. this 
investigation are contained in ®igure 7. ‘igures }} and 5 
sow the experimenval resonances obtainsd Trrom 312? (p,¥) P39 


and 312° (p,y) Pt respectively. The primary purpose of this 


mavesticabion was to determine enerrsy levels in poy from 
Seecilic resonances; wowoever, many resonances obtained by 
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